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Background: Asthma is a public health problem requiring focused attention. This study aimed to systematically evaluate the
association between dietary structure and asthma or wheezing in children.

Methods: The study protocol of this meta-analysis has been registered in the International Prospective Register of Systematic
Reviews (PROSPERO) with the registration code CRD42023390191. A total of 8397 articles were retrieved, searching PubMed,
Medline, Embase, Web of Science, and Scopus databases as of November 21, 2022. Two independent authors were responsible for
independently conducting the literature screening process. Effect-size estimates were expressed as odds ratio (OR) in cross-sectional
studies and risk ratio (RR) in cohort studies with a 95% confidence interval (CI). Summary effect estimates were evaluated with
random-effect models. Meanwhile, subgroup and sensitivity analyses were performed to assess the potential sources of heterogeneity
and the robustness of the pooled estimation.

Results: A total of 65 studies, including 567,426 subjects had been analyzed. Overall analyses of cross-sectional studies revealed that
a healthy diet was protective against asthma (adjusted OR=0.85, 95% CI: 0.80-0.89, P <0.001, 1>=69.8%, Tau’=0.026) and wheezing
(adjusted OR=0.85, 95% CI: 0.81-0.89, P <0.001, 1’=66.8%, Tau2=0.015) in children and adolescents. Conversely, unhealthy diets can
exacerbate asthma (adjusted OR=1.28, 95% CI: 1.20-1.36, P <0.001, ’=64.9%, Tau2=0.019) and wheeze (adjusted OR=1.09, 95% CI:
1.02-1.16, P =0.006, 1°=75.2%, Tau2=0.023) in children and adolescents. The same trend was found in cohort studies (adjusted
RR=0.72, 95% CI: 0.58-0.90, P =0.003, I’=83.5%, Tau=0.105). A clear trend was observed between high-frequency healthy diets
(OR=0.80; 95% CI: 0.71-0.89; P <0.001) is more protective against asthma than low-frequency healthy diets (OR=0.81; 95% CI:
0.70-0.94; P =0.007).

Conclusion: Our findings highlight the protective effects of a healthy diet on asthma and wheezing in children, including fruit,
seafood, cereals, and the Mediterranean diet.
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Introduction
Asthma is one of the most common chronic diseases in children." It is an allergic airway inflammatory disease involving
several pathogenic factors.” Asthma is a public health problem requiring focused attention. Research statistics have
reported 300 million asthma patients worldwide, including about 30 million children.® According to the guidelines of the
Global Initiative for Asthma (GINA), the number of people with asthma worldwide will increase year by year and is
expected to reach 400 million by 2025.* In recent decades, the steep increase in asthma prevalence worldwide has created
an urgent need to search for effective prevention methods.

The development of asthma cannot be separated from genetic and environmental factors. The increased prevalence of asthma
is thought to be related to environmental exposures and lifestyle changes, especially diet. Foods can sometimes be allergens
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and trigger asthma, but proper nutrition could also be a protective factor.” A study found that people who ate a diet rich in whole
grains had fewer asthma symptoms and better overall asthma control.® Currently, the benefits of whole wheat and whole grain
foods rich in dietary fiber on children with asthma are mainly attributed to regulating the intestinal flora, promoting the
production of metabolites such as butyrate that have anti-inflammatory effects on the intestinal flora, regulating the body’s
sugar metabolism, and controlling body weight.” Allergic airway diseases are often associated with gut inflammation, and dietary
patterns regulate the composition of the microbiome, which affects the immune response.'®!" Studies have shown that changes in
gut flora caused by diet can affect lung inflammation.'

Numerous studies have shown that eating fruits and vegetables daily may reduce the risk of asthma in children and adults,
especially with apples and oranges.'>'* Moreover, fruits and vegetables can also make asthma symptoms more manageable.
Extended periods of fruit consumption in asthmatic children have been associated with better symptom control and a lower risk
of developing allergic symptoms.'® Alternatively, diets high in total and saturated fats increase airway inflammation in people
with asthma.'® A 15-year interval study in the UK showed that Omega-6 fatty acid levels and Omega-3 fatty acid consumption
increased as childhood asthma increased.'®!” In contrast, fat is an essential component of a healthy diet for children, but the
proper sources and composition of fat for children should be further investigated.'® Moreover, a novel approach exploring the
whole diet patterns and diet diversity has been proposed.'®

Some Western dietary characteristics have been associated with asthma.® These “Western” diets emphasize a high
proportion of animal meats and a low proportion of fruits, vegetables, grains and legumes. As the consumption of high-
calorie, high-fat foods increases, the incidence of allergic diseases and asthma in children increases.''?!

In contrast, the plant-based diet emphasizes a high intake of fruits, vegetables, and grains and a low intake of fatty
meats and dairy products.’” Not only does a plant-based diet reduce the risk of developing asthma, but also reduces
a child’s lifetime risk of being diagnosed with asthma. While animal products contain almost no fiber, vegan diets tend to
emphasize the consumption of high-fiber fruits, vegetables, and whole grains. Therefore, a plant-based diet may
potentially improve airway inflammation by promoting anti-inflammatory cytokines, improving blood sugar control,
and regulating the intestinal immune response.'”

Traditional nutritional epidemiology explores food combinations and the relationship between nutrition and health,
but this approach only considers one food and overlooks the interaction between the nutrients it contains.'” However, the
reduction and increase of the intake of different foods or nutrients go hand in hand, so distinguishing the role of a single
food or nutrient is challenging.

Due to the interaction of nutrients contained in some foods, exploring the impact of a single food on health is difficult.
Moreover, drawing effective conclusions might be limited by the small amount of nutrients contained in some foods, and the
impact of a certain nutrient on the body might differ based on various dietary patterns and individuals. The dietary pattern
refers to the composition of a variety of foods or nutrients.”® It encompasses many food items, evaluates the correlation
between each food item, and then identifies the potential hidden variable. Exploring complete eating habits enables a more
integrated study of the relationship between various foods, providing a more scientific and authoritative method than
traditional research.”* Moreover, a novel approach considering the whole diet pattern and diet diversity has been proposed.

Certain food components can act as allergens to induce asthma in children,''®

and others can act as protective factors
to mitigate asthma.'*'* The majority of existing studies have focused on the effects of individual nutrients on
asthma.'*** However, children’s daily routine is more of a dietary pattern consisting of a combination of different
food components. Our study aimed to systematically evaluate the association between dietary structure and asthma or
wheezing in children. Understanding the dietary effects on wheezing and asthma may provide a theoretical basis for diet

modifications in the prevention of asthma in children.

Methods

Registration and Reporting Format

The study protocol has been registered in the International Prospective Register of Systematic Reviews (PROSPERO)
with the registration code CRD42023390191. The study protocol was also completed in accordance with the Preferred
Reporting Items for Systematic Evaluation and Meta-Analysis (PRISMA) statement (Table S1).
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Search Strategy and Selection Process

Relevant literature published before November 21, 2022, was searched in the PubMed, Medline, Embase, Web of
Science, and Scopus databases. The search terms such as asthma and dietary patterns and how they were used can be
found in Table S2.

All the included literature was screened using Endnote 20 literature management software. In the first round of
screening, duplicates were removed and the study titles were screened. Articles that corresponded to the study subject
were selected for the second round of screening, which assessed the relevance of the article abstracts to the research
topic. Finally, the full texts were read to determine whether the inclusion criteria were met. The screening details can be
seen in Figure 1. Two authors (J.Z. and M.H.) each performed the screening process independently, and disagreements
were resolved by a third author (Q.Y.).

Eligibility Criteria

Our analysis was limited to articles that met the following criteria: (1) study participants: children and adolescents; (2)
study endpoint: asthma or wheeze; (3) study type: cohort or cross-sectional study; (4) follow-up rate: at least 70%; (5)
study data including dietary patterns or specific dietary components. Case reports, animal studies, and narrative reviews
were excluded.

Data Extraction

Statistics from the eligible studies were extracted independently by two authors (J.Z. and M.H.), including the name of
the first author, year of publication, country, gender, sample size, age, type of study, duration of follow-up, method of
diagnosis of asthma or wheeze, scales of food frequency, detailed dietary patterns, study outcomes, frequency of foods,
and confounding risk factors. Disagreements were resolved by discussion with a third author (F.X.).

Risk of Bias of Individual Studies

The Newcastle-Ottawa Scale (NOS) and Agency for Healthcare Research and Quality (AHRQ) scales were used to

assess publication bias in the included literature. The NOS scale was developed to assess the quality of cohort studies,

incorporating quality assessment into the interpretation of meta-analysis results. In this scale, a study is evaluated from

three broad perspectives: selection of the study group, comparability between groups, and separately determining the

exposure or outcome of the cohort study. The NOS conducts literature quality evaluations on a full scale of 9 stars.
The AHRQ scale has recommended criteria for evaluating the quality of observational studies. The recommended

¢

criteria for evaluating cross-sectional studies include 11 items, which are answered with “yes”, “no” or “unclear”.

Statistical Analyses

Data were managed and analyzed using STATA software for Windows 14.1 (STATA Corp, College Station, TX, USA). In
cohort studies, effect sizes were expressed as risk ratios (RR) with 95% confidence intervals (CI). In cross-sectional
studies, effect sizes were expressed as odds ratios (ORs) and 95% CI. In addition, the Z-test proposed by Altman and
Bland?® was used to compare the magnitude of the two statistics.

The degree of heterogeneity was quantified from the random effects Mantel-Haenszel model using the inconsistency index
(I?) statistic, which represents the percentage of diversity due to heterogeneity (rather than chance). I* > 50% indicates the
presence of significant heterogeneity, with higher percentages suggesting a higher degree of heterogeneity. Another indicator, t*
(Tau?), was used to evaluate the sensitivity of the results to the level of heterogeneity between studies. Taking into account
possible sources of clinical and methodological heterogeneity, pre-defined subgroup analyses were performed based on
geographical region, study design, age, type of food, and diet frequency. To avoid giving large weights to relatively small
studies, a fixed-effect model was fitted using sensitivity analyses.

The probability of publication bias was assessed using Begg’s funnel plot and Egger regression asymmetry tests at
a significance level of 10%. The number of theoretically missing studies was estimated using the trim-and-fill method.
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Results
Eligible Studies

A total of 8379 articles were initially identified using predefined medical subject words to search the predefined public database,
and 65 studies”?’ ™ met the inclusion criteria, including 567,426 subjects. The detailed selection process is shown in Figure 1.

Study Characteristics

Table S3 shows the baseline characteristics of the cohort and cross-sectional studies recorded separately in this meta-analysis,

while Table S4 presents the specific statistical values in each article. In total, 63 articles were included for data analysis, due

157,58 1‘86,87

to the inclusion of the same population in the four articles by Arvaniti et a and Antonogeorgos et a

Total articles identified by PubMed, Web of
Science, EMBASE and Scopus (#=8397)

»| Articles excluded by duplicated (n=3747)

v
Eligible articles (n=4650)

Articles excluded by title review (#n=4363)
o No asthma or wheeze (#=597)
® Review or guideline (#=415)
o Animal research (n=235)
o Non-relevant (n=2302)
e Environmental exposure (n=133)
e Pathogenesis of asthma (#=72)
e Food allergy (n=326)
® Case report (n=41)
® Prevention of asthma (n=242)

\4

A

Eligible articles (n=287)

Articles excluded by full text review (n=222)
o Incomplete data (n=42)
o RCT study (n=4)
e Maternal diet (7=36)
® Breast-feeding (n=20)
® Review (n=23)
e Vitamin (n=14)
e Adults (n=47)
® Lectter or editorial (n=36)

\4

A

Qualified articles (#=65) in this meta-analysis
63 articles were analyzed

(2 articles included the same population)

Figure | Flow chart of articles retrieved, screened and included in this meta-analysis.
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Of the 63 articles included, 8333397629981 \ere cohort studies and 557227 3%35757:63-68.70-80.82-86.88-90 (ore cross-
sectional studies. Regarding the geographical area, one article® originated from Africa, one article®® was international, 13
30-32.35.364147.64.73.74.76.77.80 \wore published in Asia, 27 articles?227:20:33:3437-39.43-46.48.49.55-57.59.62.69.70.72.81,82.86,88.90
50.53.54.63.688489 f.om North America, 4 articles?®***®! from Oceania and 10

were published in South America.

articles
originated from Europe, 7 articles
articles*252:65-67.71.75.78,79,85

All study participants were divided into four age groups:”' toddlers®' (1-2 years), preschool-age
children333438:59:60.69 (3 5 vears) school-age children2:27:28:30.32:35-37:39-50.52-58.61.62.65.66.68.70.72,74.80-83.87.88.90
(613 years), and teenagers31’64’67’77’79’86 (14-17 years).

29455455 analyzed the relationship between dietary habits and

Of the included eligible literature, only four articles
asthma in boys and girls separately.

Depending on the type of dietary composition included in the literature, healthy dietary patterns were characterized by
a high intake of fruit, vegetables, whole grains, and/or fish, while unhealthy dietary patterns tended to be high in refined
grains, red meat, processed meat, fast food, and high-fat foods.”?

In order to conduct a detailed subgroup analysis, all dietary components were divided according to the Dietary
Guidelines for Americans.”® The categories included vegetables, fruits, starchy choices like potatoes and corn, grains,
dairy, and protein foods. At least half of the grains were whole grain; dairy included fat-free or low-fat milk, yogurt, and
cheese and yogurt as alternatives; protein foods included lean meats, poultry, eggs, seafood, beans, peas, lentils, nuts,

seeds, and soy products.

Quality Assessment
Supplementary Materials show the quality assessment of all eligible articles by using the NOS scales for cohort studies

and the AHRQ scales for cross-sectional studies. The average AHRQ score was 7.04 (range: 5 to 9), with a standard
deviation of 0.98. The average NOS score was 7.88 (range: 7 to 9), with a standard deviation of 0.64 (Tables S5 and S6).

Overall Analyses
After pooling the statistical results of all the eligible cross-sectional studies, a healthy diet was found to be protective
against asthma (adjusted OR=0.85, 95% CI: 0.80-0.89, P <0.001, 1°=69.8%, Tau’=0.026) (Figure 2A) and wheeze
(adjusted OR=0.85, 95% CI: 0.81-0.89, P <0.001, I°=66.8%, Tau’=0.015) (Figure 2B) in children and adolescents.
Conversely, unhealthy diets can exacerbate asthma (adjusted OR=1.21, 95% CI: 1.15-1.28, P <0.001, 1’°=64.9%,
Tau’=0.019) (Figure 2C) and wheeze (adjusted OR=1.09, 95% CI: 1.02-1.16, P =0.006, I’=75.2%, Tau’=0.023)
(Figure 2D) in children and adolescents (Table 1).
In the cohort studies, a healthy diet was a protective factor for wheezing (adjusted RR=0.72, 95% CI: 0.58-0.90,
P =0.003, 1°=83.5%, Tau®=0.105) in children and adolescents (Figure 2E) (Table 2).

Cumulative and Influential Analyses

When exploring the effects of healthy and unhealthy diets on asthma and wheezing in cross-sectional studies, the
cumulative analysis of the included studies yielded similar findings and trends converged. Sensitivity analyses showed no
significant effect of any single study on the overall effect size estimates. However, the results of the cohort studies
showed instability in the trend of the protective effect of a healthy diet on wheezing.

Publication Bias
Figure 3 shows the Begg’s and filled funnel plots on the association between healthy/unhealthy diet with asthma/
wheezing in children and adolescents. Heterogeneity was observed in the overall analysis of healthy diets for asthma and
wheeze, and Begg’s and filled funnel plots suggested publication bias.

In the cross-sectional studies, the asymmetry of study effects was found in terms of healthy diets on asthma (P <0.001)
(Figure 3A). Further analysis using the “trim and fill” method showed that the statistical results of healthy diet on asthma
converged before and after trimming (Figure 3B), with no significant reversal. The asymmetry of study effects was found in

Journal of Asthma and Allergy 2023:16 hetps: 1011

Dove:


https://www.dovepress.com/get_supplementary_file.php?f=423884.docx
https://www.dovepress.com/get_supplementary_file.php?f=423884.docx
https://www.dovepress.com/get_supplementary_file.php?f=423884.docx
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

U II]

e

=~
—
—
=
>
-
——
——
——
—
.
;
—_—
—
e
—
-

Figure 2 (A) Overall analysis of a healthy diet and childhood asthma risk in cross-sectional studies. (B) a healthy diet and childhood wheeze risk in cross-sectional studies.
(C) an unhealthy diet and childhood asthma risk in cross-sectional studies. (D) an unhealthy diet and childhood wheeze risk in cross-sectional studies. (E) a healthy diet and
childhood asthma risk in cohort studies.

terms of healthy diets on wheezing (P =0.002) (Figure 3C). Further analyzed using the “trim and fill” method, the statistical
results of healthy diet on wheezing were consistent before and after trimming (Figure 3D), with no significant reversal.
In the cross-sectional studies, the overall analysis of the unhealthy diets with asthma (P =0.204) (Figure 3E) and
wheezing (P =0.343) (Figure 3F) revealed no publication bias on Egger’s test.
In the cohort studies, the overall analysis of the unhealthy diets with wheeze (P =0.224) (Figure 3G) revealed no
publication bias on Egger’s test.

Subgroup Analyses
Between-study heterogeneity was present in the overall analysis evaluating healthy/unhealthy diets with regard to
children’s asthma/wheezing, which was indicated by I > 50.0%. A series of pre-specified subgroup analyses were
done to explore possible sources of between-study heterogeneity (Table 1). The overall analysis showed the protective
effect of a healthy diet against asthma and wheezing in children and adolescents, and the subgroup analysis results
provided strong evidence.

A significant association between a healthy diet and asthma was observed based on geographic area, including Europe
(OR=0.83; 95% CI: 0.77-0.89; P <0.001), Oceania (OR=0.40; 95% CI: 0.21-0.77; P =0.006), South America (OR=0.75;
95% CI: 0.62-0.90; P =0.002) and North America (OR=0.63; 95% CI: 0.47-0.83; P <0.001). However, there is no
association between a healthy diet with asthma in Asia (OR=0.98; 95% CI: 0.91-1.06; P =0.626).

1012 "oes Journal of Asthma and Allergy 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

a0

91:£70T A8.43||y pue ewyisy jo [euanof

:sdyy

€10l

Table | Overall and Subgroup Analyses of Diet Pattern with Asthma/Wheeze of Children and Adolescents in the Cross-Sectional Studies

Group Number of Qualified Asthma Wheeze
Observations " 2 2 2
OR (95% Cl); P I Tau OR (95% ClI); P I Tau
Overall analyses
Unhealthy diet (unadjusted) 20/19 1.28 (1.20-1.36); <0.001 50.4% 0.006 0.99 (0.88—1.13); 0.916 81.4% 0.050
Unhealthy diet (adjusted) 70/44 1.21 (1.15-1.28); <0.001 64.9% 0.019 1.09 (1.03-1.16);.006 75.2% 0.023
Healthy diet (unadjusted) 20/20 0.70 (0.58-0.85); <0.001 72.2% 0.13 0.83 (0.72-0.96); 0.010 72.4% 0.071
Healthy diet (adjusted) 85/60 0.85 (0.80-0.89); <0.001 69.8% 0.026 0.85 (0.81-0.89); <0.001 66.8% 0.015
Subgroup analyses based on adjusted healthy diet
By region
Europe 44/25 0.83 (0.77-0.89); <0.001 62.3% 0.025 0.79 (0.74-0.84); <0.001 25.0% 0.005
Oceania 2/2 0.40 (0.21-0.77); 0.006 8.2% 0.020 0.72 (0.42-1.22); 0.216 0.0% 0.000
Asian 19/13 0.98 (0.91-1.06);.626 71.4% 0.012 0.92 (0.87-0.97); 0.003 73.3% 0.006
South America 14/16 0.75 (0.62-0.90);.002 68.4% 0.075 0.87 (0.75-1.01); 0.069 72.6% 0.069
North America 5/3 0.63 (0.47-0.83);.001 31.6% 0.032 0.71 (0.59-0.84); <0.001 0.0% 0.000
By age
Preschool-age children *2 ** * * 0.79 (0.69-0.89); <0.001 67.5% 0.016
School-age children 63/57 0.84 (0.79-0.89); <0.001 70.2% 0.023 0.85 (0.81-0.89); <0.001 0.0% 0.000
Teenagers 12/% 0.91 (0.78-1.05); 0.198 69.3% 0.039 ¥,k * *
Z-test School-age VS Teenagers P=0.163 Preschool-age VS School-age P=0.146
By gender
Boys 3/1 0.97 (0.91-1.05); 0.475 0.0% 0.000 0.74 (0.62-0.89); 0.001 * 0.000
Girls 3/1 1.01 (0.82-1.25); 0.916 56.0% 0.199 0.70 (0.56-0.88); 0.003 * 0.000
By diet frequency
Low /9 0.81 (0.70-0.94); 0.007 71.3% 0.033 0.85 (0.72-1.01); 0.068 74.3% 0.049
High 33/26 0.80 (0.71-0.89); <0.001 73.4% 0.062 0.78 (0.72-0.85); <0.001 47.6% 0.020
Z-test Low VS High P=0.448 Low VS High P=0.186
By type of food
Fruit 21721 0.86 (0.78-0.95); 0.003 58.4% 0.023 0.80 (0.76-0.84); <0.001 32.3% 0.004
Vegetables 19/13 0.91 (0.81-1.02); 0.110 68.9% 0.032 0.93 (0.85-1.01); 0.096 53.9% 0.010
Dairy products 24/15 0.90 (0.81-1.01); 0.065 79.4% 0.044 0.94 (0.87-1.01); 0.104 60.6% 0.011
Sea food 16/13 0.76 (0.65-0.89); 0.001 77.1% 0.048 0.88 (0.78-0.98); 0.019 68.1% 0.019

(Continued)
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Table 1 (Continued).

Group Number of Qualified Asthma Wheeze
Observations 2 2 2 2
OR (95% Cl); P I Tau OR (95% Cl); P I Tau
Cereals 6/4 0.63 (0.40-1.00); 0.049 87.9% 0.283 0.98 (0.90-1.06); 0.566 0.0% 0.000
Nuts 6/5 0.93 (0.82-1.06); 0.292 40.5% 0.001 0.90 (0.83-0.98); 0.01 | 11.8% 0.001
Protein foods 29/14 1.03 (0.93-1.13); 0.597 77.7% 0.035 1.06 (0.96—1.17); 0.100 94.8% 0.324
Starchy foods 8/13 0.85 (0.63—1.14); 0.285 73.4% 0.123 0.86 (0.76-0.97); 0.015 79.1% 0.032
Mediterranean diet 12/1 0.88 (0.79-0.97); 0.014 63.2% 0.015 0.64 (0.47-0.87); 0.004 * 0.000
Subgroup analyses based on adjusted unhealthy diet
By region
Europe 31710 1.09 (0.95-1.26); 0.207 59.9% 0.072 1.20 (0.96—1.50); 0.100 52.3% 0.061
Oceania 2/2 1.26 (0.97-1.63); 0.082 0.0% 0.000 I.51 (1.18-1.94); 0.001 0.0% 0.000
Asian 12/8 I.51 (1.22-1.88); <0.001 83.5% 0.093 0.99 (0.93-1.05); 0.699 45.7% 0.003
South America 11714 1.18 (1.08-1.28); <0.001 65.9% 0.006 1.00 (0.89-1.14); 0.961 77.2% 0.034
North America 7/3 1.49 (1.26-1.76); <0.001 23.6% 0.012 1.52 (0.95-2.44); 0.081 64.9% 0.110
Africa 2/2 1.19 (0.92-1.54); 0.199 40.6% 0.014 1.32 (0.91-1.92); 0.150 80.8% 0.060
International 5/5 1.17 (1.09-1.26); <0.001 11.1% 0.001 1.08 (1.00-1.17); 0.051 0.0% 0.000
By age
School-age children 43/36 1.22 (1.09-1.36); <0.001 66.6% 0.063 1.07 (0.99-1.15); 0.073 66.0% 0.023
Teenagers 14/* 1.21 (1.13-1.29); 0.001 60.6% 0.023 *; ¥ * *
Z-test School-age VS Teenagers P=0.450 * *
By gender
Boys 1/* 2.06 (1.29-3.30); 0.003 * 0.000 ¥k * *
Girls 1/* 1.32 (0.78-2.23); 0.300 * 0.000 ¥ * * *
By diet frequency
Low 12/8 1.10 (0.92-1.31); 0.322 67.2% 0.071 1.00 (0.85-1.17); 0.979 55.6% 0.027
High 32/19 1.26 (1.17—1.36); <0.001 64.9% 0.014 1.21 (1.09-1.35); <0.001 70.1% 0.027
Z-test Low VS High P=0.08 Low VS High P=0.03
By type of food
Fast food 26/11 1.38 (1.26—1.50); <0.001 66.4% 0.018 1.33 (1.18-1.49); <0.001 71.2% 0.020
Margarine 8/5 1.23 (1.13-1.35); <0.001 0.0% 0.000 1.01 (0.87-1.17); 0.930 48.4% 0.013

Note: *Data are not available.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.
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Table 2 Overall and Subgroup Analyses of Diet Pattern with Asthma/Wheeze of Children and Adolescents in the Cohort Studies

Group Number of Qualified Asthma Wheeze
Observations 2 2 2 2
RR (95% Cl); P I Tau RR (95% ClI); P I Tau
Overall analyses
Unhealthy diet (adjusted) 717 1.00 (0.93—1.08); 0.971 7.6% 0.001 1.03 (0.96—1.12);.385 0.0% 0.000
Healthy diet (adjusted) 6/11 0.91 (0.76-1.09); 0.302 75.8% 0.030 0.72 (0.58-0.90); 0.003 83.5% 0.105
Subgroup analyses based on adjusted healthy diet
By region
Europe 377 0.68 (0.54-0.87); 0.002 0.0% 0.000 0.58 (0.50-0.67); <0.001 0.0% 0.000
Oceania 3/4 1.05 (0.88-1.25); 0.626 80.3% 0.019 1.04 (0.83-1.30); 0.752 75.9% 0.037
By age
Preschool-age children 4/4 1.02 (0.87-1.19); 0.842 72.3% 0.017 1.01 (0.79-1.30); 0.944 81.7% 0.050
School-age children 2/6 0.60 (0.44-0.81); 0.001 0.0% 0.000 0.58 (0.49-0.68); <0.001 0.0% 0.000
Z-test Preschool-age VS School-age P=0.001 Preschool-age VS School-age P<0.001
By gender
Boys *1 *;* * * 0.54 (0.36-0.84); 0.004 * 0.000
Girls *1 ¥k * * 0.53 (0.30-0.92); 0.025 * 0.000
By diet frequency
Low *1 * * * 0.48 (0.31-0.73); 0.068 * 0.000
Moderate *1 ¥k * * 0.61 (0.42-0.89); <0.001 * 0.000
High *3 ¥k * * 0.54 (0.41-0.70); <0.001 0.0% 0.000
By type of food
Sea food 4/4 0.80 (0.55-1.18); 0.260 77.6% 0.115 0.77 (0.53-1.11); 0.162 80.8% 0.118
Fruit 116 0.90 (0.82-0.99); 0.028 * 0.000 0.61 (0.45-0.84); 0.003 79.9% 0.119
Vegetables I/1 1.10 (0.98-1.24); 0.112 * 0.000 1.22 (1.04-1.43); 0.017 * 0.000
Starchy foods 2/2 0.79 (0.51-1.23); 0.302 74.9% 0.079 0.93 (0.81-1.07); 0.300 0.0% 0.000
Dairy products 3/3 0.97 (0.88—-1.08); 0.605 0.0% 0.000 0.91 (0.66—1.27); 0.585 81.4% 0.064
(Continued)
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Table 2 (Continued).

Group Number of Qualified Asthma Wheeze
Observations N 2 N 2
RR (95% ClI); P I Tau RR (95% ClI); P I Tau

Subgroup analyses based on adjusted unhealthy diet
By region

Europe 5/5 0.97 (0.67—1.41); 0.876 36.5% 0.066 1.09 (0.89-1.34); 0.418 0.0% 0.000

Oceania 2/2 1.00 (0.94-1.07); 0.935 0.0% 0.000 1.03 (0.95-1.11); 0.539 0.0% 0.000
By age

Preschool-age children 4/4 1.00 (0.94-1.06); 0.934 0.0% 0.000 1.02 (0.95-1.11); 551 0.0% 0.000

School-age children 3/3 1.14 (0.61-2.14); 0.676 58.7% 0.181 1.28 (0.90-1.82); 0.177 0.0% 0.000
By diet frequency

High 5/5 0.97 (0.67—1.41); 0.876 36.5% 0.066 1.09 (0.89-1.34); 0.418 0.0% 0.000
By type of food

Margarine 212 1.00 (0.93-1.09); 0.919 0.0% 0.000 1.00 (0.91-1.11); 0.931 0.0% 0.000

Butter 212 0.99 (0.89-1.10); 0.785 0.0% 0.000 1.06 (0.93-1.19); 0.397 0.0% 0.000

Note: *Data are not available.

Abbreviations: RR, risk ratio; 95% Cl, 95% confidence interval.
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Figure 3 (A) Begg's funnel plot of healthy diet with asthma in cross-section studies. (B) Filled funnel plot of healthy diet with asthma in cross-sectional studies. (C) Begg'’s
funnel plot of healthy diet with wheeze in cross-sectional studies. (D) Filled funnel plot of healthy diet with wheeze in cross-sectional studies. (E) Begg’s funnel plot of
unhealthy diet with asthma in cross-sectional studies. (F) Begg's funnel plot of unhealthy diet with wheeze in cross-sectional studies. (G) Begg’s funnel plot of unhealthy diet
with wheeze in cohort studies.
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Furthermore, a significant association between a healthy diet with wheezing was observed, including Europe
(OR=0.79; 95% CI: 0.74-0.84; P <0.001), Asia (OR=0.92; 95% CI: 0.87-0.99; P =0.003) and North America
(OR=0.71; 95% CI: 0.59-0.84; P <0.001). However, no such association was found in South America (OR=0.87; 95%
CI: 0.75-1.01; P =0.069) and Oceania (OR=0.72; 95% CI: 0.42—1.22; P =0.216).

Subgroup analysis based on age revealed that a healthy diet was significantly associated with lower rates of asthma in
school-age children (OR=0.84; 95% CI: 0.79-0.89; P <0.001) and wheezing (OR=0.85; 95% CI: 0.81-0.89; P <0.001).
A significant association was observed between a healthy diet and wheezing in preschool-age children (OR=0.79; 95%
CI: 0.69-0.89; P <0.001) (Preschool-age vs School-age Z-test P =0.146). However, no association was found between
a healthy diet and asthma in teenagers (OR=0.91; 95% CI: 0.78—1.05; P =0.198) (School-age VS Teenagers Z-test
P =0.163).

The results of the subgroup analyses of gender show that healthy dietary patterns are a protective factor for childhood
wheeze in both boys (OR=0.74; 95% CI: 0.62-0.89; P =0.001) and girls (OR=0.70; 95% CI: 0.56—0.88; P =0.003) (Boys
VS Girls Z-test P =0.353). Unhealthy diets are a risk factor for childhood asthma for boys (OR=2.06; 95% CI: 1.29-3.30;
P =0.003).

The frequency of foods included in the article was divided into low (<=1-2 weeks) and high (>3 weeks). A clear trend
was observed between high-frequency healthy diets (OR=0.80; 95% CI: 0.71-0.89; P <0.001) is more protective against
asthma than low-frequency healthy diets (OR=0.81; 95% CI: 0.70-0.94; P =0.007) (two-sample Z-test P =0.163). This
trend was also evident in the protective effect of the high-frequency healthy diet (OR=0.78; 95% CI: 0.72-0.85;
P <0.001) on wheezing compared to the low-frequency healthy diet (OR=0.85; 95% CI: 0.72-1.01; P =0.068) (two-
sample Z-test P =0.186).

In order to explore which dietary components of a healthy dietary pattern were more protective, a more detailed
subgroup analysis was carried out. The results of the subgroup analysis showed that the protective effects of fruits
(OR=0.86; 95% CI: 0.78-0.95; P=0.003), seafood (OR=0.76; 95% CI: 0.65-0.89; P=0.001), cereals (OR=0.63; 95% CI:
0.40-1.00; P=0.045) and the Mediterranean dietary pattern (OR=0.88; 95% CI: 0.79-0.97; P=0.014) on asthma were
more prominent. The evidence for the protective effect of the same food components on wheezing was equally valid
(Figure S1).

The overall analysis revealed that an unhealthy diet can exacerbate asthma and wheezing in children and adolescents,
and the evidence from the subgroup analysis was consistent with the overall analysis.

A significant association was observed between a healthy diet and asthma based on geographic area, including Asia
(OR=1.51; 95% CI: 1.22—1.88; P <0.001), South America (OR=1.18; 95% CI: 1.08-1.28; P <0.001), and North America
(OR=1.49; 95% CI: 1.26-1.76; P <0.001). However, no association was observed between a healthy diet and asthma in
Oceania (OR=1.26; 95% CI: 0.97-1.63; P =0.082), Europe (OR=1.09; 95% CI: 0.95-1.26; P =0.207), and Africa
(OR=1.19; 95% CI: 0.92—1.54; P =0.199).

In addition, an unhealthy diet can aggravate asthma in school-age children (OR=1.22; 95% CI: 1.09-1.36; P <0.001)
and teenagers (OR=1.21; 95% CI: 1.13-1.29; P =0.001) (School-age vs Teenagers Z-test P =0.450).

A clear trend was observed between high-frequency unhealthy diets (OR=1.26; 95% CI: 1.17-1.36; P <0.001) and
poor asthma control compared to low-frequency healthy diets (OR=1.10; 95% CI: 0.92-1.31; P =0.322) (two-sample
Z-test P =0.08). The Z-test results indicated that a high-frequency unhealthy diet (OR=1.21; 95% CI: 1.09-1.35;
P <0.001) had stronger effects on wheezing than a low-frequency unhealthy diet (OR=1.00; 95% CI: 0.85-1.17;
P =0.979) (two-sample Z-test P =0.03).

The results of the subgroup analysis showed a significant association between fast food and asthma (OR=1.38; 95%
CI: 1.26-1.50; P <0.001) and wheezing (OR=1.33 95% CI: 1.18-1.49; P <0.001). Meanwhile, margarine is proven to be
harmful to asthma in children and adolescents (OR=1.23; 95% CI: 1.13-1.35; P <0.001).

Discussion

This is the most comprehensive meta-analysis to date on the relationship between dietary factors and asthma or wheezing
in children and adolescents. Our findings indicate that an unhealthy diet can worsen asthma or wheezing, while healthy
eating habits can protect against these conditions. These results emphasize the importance of maintaining a nutritious diet
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for children and adolescents with asthma or wheeze, and provide valuable statistical evidence for preventing and treating
asthma.

Among the dietary items in our study, fruits, seafood, cereals, and the Mediterranean dietary pattern were particularly
effective in protecting against asthma or wheezing. Fruit is thought to be rich in antioxidants and other bioactive factors
that help support lung health. Antioxidants are dietary components that motivate lung tissue in response to oxidative
stress and reduce respiratory damage caused by reactive oxygen radicals.”® Therefore, fruits can reduce inflammatory
reactions, asthma symptoms, and improve lung function. Reactive oxygen species released by eosinophils and neutro-
phils may play a key role in the development of asthma.”® Seafood, being high in long-chain n-3 polyunsaturated fatty
acids, has been proven to effectively decrease inflammatory responses and alleviate asthma symptoms.’> The protective
mechanisms of cereals against asthma are not fully understood and whole grains may protect against asthma through the
antioxidant and anti-inflammatory effects of their contents (eg, vitamins, minerals, and phytonutrients).”® The
Mediterranean diets, characterized by high fruit and whole grain intake and low consumption of meat and dairy products,
has been linked to a lower risk of asthma in numerous epidemiological studies.*>>”"” Vegetables, like fruits, are
commonly known for their antioxidant properties. However, contrary to previous studies that found a protective effect

of regular vegetable consumption on asthma development,®:7%%°

no such significant effect was observed in this study.
This discrepancy could be due to variations in the selection and preparation methods of vegetables, which may have
contributed to the heterogeneity in the studies.

In the subgroup analysis based on age, we found the protective effect of a healthy diet against asthma or wheeze was
most pronounced in school-age children compared to teenagers. This could be attributed to the fact that school-age
children’s dietary choices are more influenced by their parents.'’ In contrast, adolescents have more freedom to select

191 Meanwhile, in the

their preferred foods, and their peers are believed to have a significant impact on their eating habits.
present study, the frequency of healthy eating was further categorized into low (1-2/week), moderate (3—4/week), and
high (>5/week) based on data from the included articles. Regardless of asthma and wheezing, there was a stronger
protective effect observed with higher-frequency healthy eating habits compared to lower-frequency habits. This can be
explained by the presence of bioactive factors in foods consumed more frequently, which enhance their ability to protect
against asthma and wheezing.

On the contrary, our research indicates that an unhealthy diet can worsen asthma and wheezing in children and
adolescents. Specifically, we found that both margarine and fast food significantly contribute to the exacerbation of these
respiratory conditions. These findings align with the lipid hypothesis, which suggests that a higher intake of polyunsa-
turated fatty acids (PUFA) compared to saturated fats may increase the risk of developing asthma and allergies. It is
important not to overlook the potential role of margarine as a significant source of PUFAs in relation to the development
of asthma and allergies.'*> % Additionally, our analysis using Egger’s test did not reveal any publication bias regarding
unhealthy dietary patterns’ impact on asthma/wheeze.

Similarly, the present study also found that fast food consumption as an unhealthy diet was negatively associated with
the prevalence of asthma. A potential mechanism for this association is the high content of hydrogenated fats, saturated
fatty acids, and n6 polyunsaturated fatty acids, which are major components of the body’s inflammatory cells. High
consumption of these saturated fats may also lead to innate immune system activation through excessive production of
pro-inflammatory cytokines and reduced production of anti-inflammatory cytokines.'® This situation must be taken
seriously, as the increase in consumption of processed foods and changes in culinary practices have confirmed a gradual
shift from traditional diets to diets high in saturated fats, refined carbohydrates, and foods of animal origin.'®” The World
Health Organization'®® has also developed a global strategy on diet and health, aimed at reducing unhealthy diets and
preventing different diseases, including asthma.

However, in both healthy and unhealthy dietary patterns, it is regrettable that we cannot clearly see the gender differences
in the impact of dietary patterns on asthma from gender-based subgroup analysis, because there are few cases where gender
was analyzed separately in the original studies. Apart from that, there are some other shortcomings that need to be pointed out.
First, although the overall analysis of the cohort study showed a protective effect of healthy diet on wheezing in children and
adolescents, publication bias and heterogeneity were observed due to the limited number of cohort study articles (8 cohort
studies). Secondly, the included cross-sectional studies also involved challenges in quantifying dietary intake, reverse
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causality, and lack of temporal factors. Unfortunately, limited longitudinal data is available regarding dietary habits in asthma.

Additional longitudinal studies are required to elucidate the association between healthy or unhealthy dietary habits and

asthma. In addition, this analysis was restricted to self-reported or physician-diagnosed asthma and dietary intake data, which

could lead to selective underreporting or misreporting. Despite these potential limitations, the results suggest that the dietary

habits of the target population should be taken into account to explain the effect of specific foods on the development of asthma

in clinical practice. Thirdly, the differences in the effect of dietary habits on asthma based on gender in children need to be

supported by more data from future studies.
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